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Aims Serelaxin is effective in relieving dyspnoea and improving multiple outcomes in acute heart failure (AHF). Many AHF 

patients have preserved ejection fraction (HFpEF). Given the lack of evidence-based therapies in this population, we 
evaluated the effects of serelaxin according to EF in REI_AX-AHF trial. 

Methods REI_AX-AHF randomized 1161 AHF patients to 48-h serelaxin (30 |jLg/kg/day) or placebo v^'ithin 1 6 h from presentation. 

and results We compared the effects of serelaxin on efficacy endpoints, safety endpoints, and biomarkers of organ damage betv/een 

preserved (>50%) and reduced (<50%, HFrEF) EF. HFpEF was present in 26% of patients. Serelaxin induced a similar 
dyspnoea relief in HFpEF vs. HFrEF patients by visual analogue scale-area under the curve (VAS-AUC) through Day 5 
[mean change, 461 ( - 1 95, 1 1 1 7) vs. 397 (1 0, 783) mm h, P = 0.87], but had possibly different effects on the proportion 
of patients with moderately or markedly dyspnoea improvement by Likert scale at 6, 12, and 24 h [odds ratio for favour- 
able response, 1.70(0.98,2.95) vs. 0.85 (0.62, 1.15), interaction P = 0.030]. No differences were encountered in the effect 
of serelaxin on short- or long-term outcome between HFpEF and HFrEF patients including cardiovascular death or 
hospitalization for heart/renal failure through Day 60, cardiovascular death through Day 180, and all-cause death 
through Day 180. Similar safety and changes in biomarkers (high-sensitivity troponin T, cystatin-C, and alanine/aspartate 
aminotransferases) were found in both groups. 

Conclusions In AHF patients with HFpEF compared with those with HFrEF, serelaxin was well tolerated and effective in relieving 

dyspnoea and had a similar effect on short- and long-term outcome, including survival improvement. 

Keywords Serelaxin • Relaxin • Acute heart failure • Heartfailure with preserved leftventricularejection fraction • Diastolic 

heart failure • Dyspnoea 



Introduction 

Acute heartfailure (AHF) is characterized by high morbidity and mor- 
tality.^ Several recent trials have evaluated novel vasoactive agents 



in this syndrome, but failed to provide any evidence on outcome 
improvement.^"^ Hence, the management of AHF patients is still 
based primarily on drugs that improve symptoms but have a 
neutral or even negative effect on patients' prognosis.^ 



^Corresponding author 28 DoukissisPlakentias, 1 1523, Athens, Greece, Email: geros@otenet.gr 
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Commons Attribution Non -Commercial License {http://creativecommons.Org/licenses/by-nc/3.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, 
provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com 
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Table I Companson of baseline characteristics between patients with reduced (<50%) and preserved (>50%) left 
ventricular ejection fraction 



IBI 





LVEF < 50 (n = 810) 


LVEF > SO (n = 281) 


P-value 


Demographics 








Age, years 


70.5 (11.4) 


75.4 (9.9) 


<0.0001 


Male 


571 (70.5%) 


117(41.6%) 


<0.0001 


Geographic region (%) 






0.74 


Eastern EU 


412(50.9) 


132(47.0 




Western EU 


140(17.3) 


47 (6.7) 




South America 


38 (4.7) 


14 (5.0) 




North America 


81 (10.0) 


32 (11.4) 




Israel 


139 (17.2) 


56 (19.9) 




Heart failure characteristics 








LVEF 


31.7 (9.0) 


58.7 (7.2) 


<0.0001 


Ischaemic heart disease 


451 (56.9%) 


120 (42.7%) 


< 0.0001 


NYHA class 30 days before admission (%) 






0.13 




14(2.3) 


9 (4.5) 




II 


212 (34.8) 


80 (39.8) 




III 


293 (48.1) 


81 (40.3) 




IV 


90 (14.8) 


31 (15.4) 




Time from presentation to randomization, h 


7.7 (4.6) 


8.5 (4.7) 


0.011 


HP hospitalization past year 


298 (36.8%) 


83 (29.5%) 


0.028 


Number of HF hospitalizations past year 


1.7(1.4) 


1.4 (0.8) 


0.032 


Clinical signs 








Body mass index, kg/m'^ 


29.2 (5.5) 


29.7 (6.4) 


0.24 


Systolic blood pressure, mmHg 


140.8(16.2) 


145.7(16.7) 


<0.0001 


Diastolic blood pressure, mmHg 


82.6(13.6) 


79.6(13.9) 


0.0015 


Heart rate, bpm 


79.8(14.5) 


78.0(16.0) 


0.081 


Respiratory rate, breaths per minute 


21.9 (4.6) 


21.8(4.7) 


0.58 


Congestion at baseline (%) 








Oedema 


634 (78.7) 


221 (79.5) 


0.77 


Orthopnoea 


768 (95.4) 


269 (96.4) 


0.47 


IVP, mm Hg(<6vs. >6) 


601 (76.5) 


200 (73.3) 


0.29 


DOE 


795 (99.7) 


274(100) 


1.00 


Dyspnoea by VAS 


43.9 (19.8) 


43.2(19.7) 


0.64 


Comorbidities (%) 








Hypertension 


684 (84.4) 


262 (93.2) 


0.0002 


Diabetes mellitus 


394 (48.6) 


130(46.3) 


0.49 


Stroke or other cerebrovascular event 


110(13.6) 


39(13.9) 


0.90 


Asthma, bronchitis, or COPD 


130(16.0) 


44(15.7 


0.88 


Atrial fibrillation at screening 


307 (38.0) 


137(48.8) 


0.0016 


History of atrial fibrillation or flutter 


391 (48.3) 


172 (61.2) 


0.0002 


Devices (%) 








Pacemaker 


82(10.1) 


31 (11.0) 


0.67 


Implantable cardiac defibrillator 


145 (17.9) 


4(1.4) 


<0.0001 


Biventricular pacing 


101 (12.5) 


7 (2.5) 


<0.0001 





Continued 
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Table I Continued 





LVEF < 50 (n = 810) 


LVEF > 50(n = 281) 


P-value 


Medication (Day 0, except nitrates) (%) 








ACE inhibitor 


455 (56.2) 


148 (52.7) 


0.31 


Angiotensin-receptor b[ocl<er 


131 (16.2) 


46(16.4) 


0.94 


Beta-blocker 


586 (72.3) 


174(61.9) 


0.0011 


Aldosterone antagonist 


289 (35.7 


63 (22.4) 


< 0.0001 


Intravenous loop diuretics 


808 (99.8) 


280 (99.6) 


1.0000 


Digoxin 


172 (21.2) 


45 (16.0) 


0.059 


Nitrates at randomization 


46 (5.7) 


26 (9.3) 


0.038 


Baseline labs 








Sodium, mmol/L 


140.7 (3.6) 


141.3 (3.7) 


0.026 


Haemoglobin, g/dL 


13.03 (1.84) 


12.14(1.76) 


< 0.0001 


Haematocrit ratio 


0.4213 (0.0565) 


0.3929 (0.0539) 


< 0.0001 


White blood cell count, x lO'^/L 


8.140 (2.710) 


8.215 (3.134) 


0.71 


Lymphocyte, (%) 


18.30(7.75) 


18.18(7.95) 


0.84 


Potassium, mmol/L 


4.31 (0.64) 


4.21 (0.65) 


0.031 


Creatinine, jj.mol/L 


118.7 (34.2) 


112.1 (30.5) 


0.0050 


Uric acid, ^mol/L 


483.4 (142.2) 


462.2 (121.4) 


0.028 


Troponin T, jjig/L 


0.037 (0.035, 0.039) 


0.030 (0.028, 0.034) 


0.0013 


BUN, mmol/L 


9.85 (4.02) 


9.78 (4.23) 


0.82 


Cystatin-C, mg/L 


1.44(1.41,1.47) 


1.52(1.47,1.57) 


0.0055 


Alanine aminotransferase, U/L 


30.6 (35.0) 


26.2 (20.4) 


0.051 


Aspartate aminotransferase, U/L 


32.1 (31.9) 


27.5 (13.9) 


0.025 


NT-proBNP, ng/L 


5535 (5194,5897) 


3992 (3632, 4388) 


< 0.0001 



1 



Continuous variables are expressed as mean (SD) orgeometric mean (95% CI) and categorical variables as n (%). EU, Europe: LVEF, left ventricular ejection fraction; NYHA, New York 
Heart Association: HP, heart failure: JVP, jugular venous pressure: DOE, dyspnoea on exertion: VAS, visual analogue scale: COPD, chronic obstructive pulmonary disease: ACE, 
angiotensin-converting enzyme; BUN, blood urea nitrogen: NT-proBNP, N-terminal prohormone of brain natriuretic peptide. 



Heart failure with preserved ejection fraction (HFpEF) represents up 
to 50% of AHF patients, depending on the definition, and this propor- 
tion seenns to be increasing because of aging of the general population.'' 
Despite the therapeutic advances in the medical therapy for the patients 
with chronic heart failure and reduced left ventricular ejection fraction 
(HFrEF), evidence on an effective therapy in HFpEF is still missing. Pre- 
vious randomized trials in chronic HF failed to show efficacy, and no 
agent has been specifically evaluated in AHF patients with HFpEF.^^^'^ 

Serelaxin, a recombinant form of human relaxin-2, administered to 
AH F patients, caused in improvement of symptoms and prevention of 
organ damage with a reduction in 1 80-day mortality, compared with 
placebo.^ ^'^"^ A substantial proportion of patients in RELAX-AHFhad 
a preserved left ventricular ejection fraction (LVEF). In the present 
study, we assessed the efficacy and safety of serelaxin in patients 
with HFpEF, compared with those with HFrEF. 

Patients and methods 

The methods of the RELAX-AHF trial (NCT00520806) are described in 
detail elsewhere.^^"^^ Briefly, the study randomized 1161 AHF patients 
to 48-h intravenous infusion of serelaxin (30 |jLg/kg/day, n = 581) or 
placebo (n = 580) within 16 h from presentation. We compared the 
effects of serelaxin vs. placebo on the pre-specified efficacy endpoints, 
safety endpoints, and biomarkers indicative of organ damage, in patients 



with preserved in comparison to those with reduced LVEF, defined as 
>50 and <50%, respectively, according to the recently published guide- 
lines.^ According to the study protocol, the recorded LVEF was the most 
recently available, including the one during the index hospitalization. The 
primary efficacy endpoints were dyspnoea improvement, defined as dys- 
pnoea change from baseline in the visual analogue scale-area under the 
curve (VAS-AUC) through Day 5 and proportion of patients with mod- 
erate or marked dyspnoea improvement measured by Likert scale at 6, 
12, and 24 h. The secondary efficacy endpoints included cardiovascular 
death or rehospitalization for heart or renal failure and days alive and 
out of hospital through Day 60. Cardiovascular death through Day 
180 was pre-specified as an additional efficacy endpoint, and all-cause 
death through Day 180 was a pre-specified safety endpoint. Biomarkers 
indicative of congestion and/or organ damage, including high-sensitivity 
troponin T (hs-TnT), N-terminal (S-type natriuretic pro-peptide (NT- 
proBNP), cystatin-C, alanine aminotransferase (ALT), and aspartate ami- 
notransferase (AST), were assessed serially using a central core lab.^"* 

Statistical analysis 

Baseline characteristics were compared between HFrEF and HFpEF 
patients using two-sample t-tests for continuous variables and x'^ tests 
for categorical variables. An evaluation of the possible interaction 
between the effect of serelaxin on the two primary and key secondary ef- 
ficacy endpoints and LVEF <40 vs. >40% was pre-specified. The cut-off 
of 50% to classify patients with HFrEF vs. those with HFpEF was selected 
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post hoc to be consistent with the guidelines. ' Estimates of the serelaxin 
treatment effect (odds ratio, mean difference, or hazard ratio) for 
patients with HFrEF and HFpEF and an interaction test were obtained 
from a separate regression model (logistic, analysis of covariance, or 
Cox) for each outcome that included the effects of serelaxin, LVEF 
(<50 vs. >50%), and the serelaxin-by-ejectlon fraction interaction. 

Analyses were conducted on an intent-to-treat basis. All P-values were 
two-sided, and values <0.05 were considered nominally statistically signifi- 
cant. SAS© release 9.2 (SAS Institute, Gary, NG, USA) was used for analysis. 

Results 

An LVEF measurement was available for 1091 of the 1 161 patients 
randomized; 281 of them (26%) had HFpEF. A comparison of baseline 
features between HFrEF and HFpEF patients is shown in Table 1. 
Patients with HFpEF were older and more often female compared 
with those with HFrEF. They were less likely to have a history of is- 
chaemic heart disease or of a prior AHF hospitalization in the year 
before randomization and were more likely to have arterial hyperten- 
sion and atrial fibrillation. Regarding medication, HFpEF patients had 
similar use of angiotensin-converting enzyme inhibitors or angioten- 
sin II receptor blockers but lower use of beta-blockers and mineralo- 
corticosteroid receptor antagonists compared with patients with 
HFrEF. As expected, the use of device therapy was low in HFpEF. 
Upon presentation, the two groups did not differ in clinical signs 
and symptoms of congestion. However, HFpEF patients had higher 
systolic blood pressure and lower concentrations of NT-proBNP, 
troponin T and serum creatinine. 

Efficacy 

The effect of treatment (serelaxin vs. placebo) on several efficacy 
endpoints in HFrEF and HFpEF patients is presented in Table 2. Ser- 
elaxin induced a similar dyspnoea relief in HFpEF and HFrEF patients 
through Day 5 according to VAS-AUC (mean AUG change, 461 vs. 
397 mm x h, respectively, P for interaction = 0.8683; Figure 1A). A 
nominally statistically significant interaction was found for the pro- 
portion of patients with moderately or markedly improved dyspnoea 
at 6, 12, and 24 h on Likert scale (odds ratio 1.70 vs. 0.85, P for 
interaction = 0.030), which was not reflected at each individual 
time point (Figure J6). Regarding short- and long-term outcome, ser- 
elaxin had a similar effect in HFpEF and HFrEF patients on cardiovas- 
cular death or hospitalization for heart or renal failure through Day 
60 (hazard ratio, 1.08 vs. 1.10, P for interaction = 0.97, Figure 2), 
days alive and out of hospital through Day 60 (—1.28 vs. 0.86, P for 
interaction = 0.19), cardiovascular death through Day 180 (0.59 vs. 
0.64, P for interaction = 0.87, Figure 3). While serelaxin appeared 
to reduce the risk of cardiovascular mortality by roughly the same 
extent in both HFpEF and HFrEF {Figure 3), the rate of rehospitaliza- 
tion for HF/RF was higher in the serelaxin group in both EF groups, 
particularly in patients with HFrEF, reflected in an apparently 
greater detrimental serelaxin effect on the composite outcome in 
the HFrEF group {Figure 2); however, given the smaller size of the 
HFpEF group, the role of chance in these findings cannot be ruled 
out. There was no difference between HFpEF and HFrEF patients 
in the effects of serelaxin on all additional endpoints such as total 
dose of intravenous loop diuretics to Day 5, change in weight 
through Day 5, and length of hospital stay or days in ICU/CCU 
{Table 2). An analysis reclassifying nine HFpEF patients with 
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biventricular pacing and/or implantable cardiac defibrillator as HFrEF 
showed nearly identical results. 

Using an LVEF cut-off of 40% to differentiate between HFpEF 
and HFrEF, 46% of patients were classified as HFpEF. In this case, 
the results regarding primary and secondary endpoints were simi- 
lar, except for the difference in dyspnoea relief by Likert scale that 



was significant between HFpEF and HFrEF only with the 50% 
threshold. 

Safety 

The effect of treatment (serelaxin vs. placebo) on safety endpoints in 
HFrEF and HFpEF patients is presented in Table 3. Serelaxin had a 



Interaction P-value = 0.87 




LVEF <50% 

Serelaxin (n = 413) 

AUC with serelaxin, 2709 (SD 2484) mmxh 
Placebo (n = 397) 

AUC with placebo, 2312 (SD 3035) mmxh 

LVEF a50% 

O G Serelaxin (/7 = 139) 

AUC with serelaxin, 2828 (SD 2828) mmxh 
□ □ Placebo (n= 142) 

AUC with placebo, 2366 (SD 2963) mmxh 



Oh 6h 12h 



Day 1 



Day 2 
Follow-up 



Day 3 



Day 4 



Days 



B 

Dyspnoea Likert scale ■ Markedly improved Moderately improved Minimally improved No change 
H Minimally worsened Moderately worsened ■ Markedly worsened % Placebo 



Treatment by LVEF Interaction 
P = 0.12 



Treatment by LVEF interaction 
P=0.29 



Treatment by LVEF Interaction 
P=0.24 



80 



60 



40 



£ 

°- -20 
-40 
-60 
-80 



I I 



I 



■ II 




Placebo Serelaxin Placebo Serelaxin 



Placebo Serelaxin Placebo Serelaxin 



Placebo Serelaxin Placebo Serelaxin 



LVEF <50% LVEF >50% 
6h 



LVEF <50% LVEF >50% 
12h 



LVEF <50% LVEF 2:50% 
24 h 



'Percentage Is based on total number of patients with a non-missing value of the endpoint 



Figure I Patient-reported dyspnoea change (serelaxin vs. placebo) by category of left ventricular ejection fraction (LVEF), (<50% vs. >50%), 
according to visual analogue scale from baseline to Day 5 (A; increasing values represent improvement) and Likert scale duringthe first 24 h (6; inter- 
action P values are for the proportions of patients with markedly or moderately improved dyspnoea). 
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similar effect in HFpEFand HFrEF patients on all-cause death through 
Day 1 80 (0.70 vs. 0.63, P for interaction = 0.82, Rgure 3). There was 
no difference in the occurrence of confirmed blood pressure de- 
crease or confirmed blood pressure decreasethat led to dose reduc- 
tion or to drug discontinuation following serelaxin between HFrEF 
and HFpEF patients (P for interaction, 0.17, 0.06 and 0.77, respective- 
ly). Furthermore, no differences between the two groups were 
observed in the occurrence of additional safety endpoints (Table 3). 

Biomarkers of organ damage 

The effect of treatment (serelaxin vs. placebo) on biomarkers indica- 
tive of organ damage in HFrEF and HFpEF patients is presented in 
Table 4. Serelaxin reduced plasma levels of NT-proBNP, cardiac 
troponinT,cystatin-C, serum creatinine and BUN and transaminases, 
compared with placebo, and there appeared to be no difference 
based on ejection fraction status (HFrEF vs. HFpEF) regarding the 
effects of serelaxin on any of these biomarkers measured from base- 
line to 48 h (all P for interaction > 0.05). 

The results concerning efficacy and safety endpoints were similar 
when analyses were performed using an LVEF cut-off of 40%. 

Discussion 

In the REI_AX-AHFstudy, a48-h infusion of serelaxin in AH F patients 
improved dyspnoea and other symptoms and signs of congestion and 
reduced early AH F worsening and hospitalization length. The drug 
failed to improve post-discharge readmission rate, but provided a sig- 
nificant 37% reduction in 1 80-day cardiovascular and all-cause mor- 
tality and was well tolerated.^ ^ In addition, serelaxin induced a 
short-term favourable effect on biomarkers of myocardial, renal, 
and hepatic injury, an effect that may be associated with increased 
survival.^^ In the present trial, we showed that the aforementioned 



effects of serelaxin on symptoms, outcome, and organ protection 
were similar in patients with HFrEF and HFpEF. Although the treat- 
ment groups differed with respect to in-hospital IV loop diuretic 
use, the difference was similar in patients with preserved and 
reduced EF. Decreases in body weight, incidence of adverse events 
related to hypotension or renal failure, and changes in biomarkers 
were similar in the treatment groups and between subgroups. 
Further data with respect to post-randomization management of 
patients who may have affected outcomes and they may have differed 
in HFpEF patients, such HbA1c levels or conversion to sinus rhythm, 
are not available. Serelaxin was well tolerated in both subgroups. Ser- 
elaxin was even more effective in improving dyspnoea at 6, 12, and 
24 h on Likert scale in patients with HFpEF compared with those 
with HFrEF, although this was not reflected at each individual time 
point or by VAS-AUC through Day 5 and therefore it may not repre- 
sent a real effect. 

Patients with HFpEF represent a population with particular demo- 
graphic and clinical features. The HFpEF patients enrolled in RELAX- 
AHFare representative of the HFpEF population. In accordance with 
earlier registries such as the Acute Decompensated Heart Failure 
National Registry (ADHERE)^* orthe Organized Program to Initiate 
Lifesaving Treatment in Hospitalized Patients With Heart Failure 
(OPTIMIZE-HF)^^ and the most recent Meta-analysis of Global 
Group in Chronic Heart Failure (MAGGIC) that concerned nearly 
42 000 cases from 31 trials,^ ^ the HFpEF patients are older and 
more often female and have a higher prevalence of arterial hyperten- 
sion and atrial fibrillation and a lower prevalence of ischaemic aeti- 
ology, compared with the patients with HFrEF. Older age, female 
gender, and atrial fibrillation were among the strong risk factors for 
new-onset HFpEF according to recently released data from the Pre- 
vention of Renal and Vascular End-stage Disease (PREVEND) cohort 
study." 
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5erela>ln/EF >S0% 
5erelaxln/EF <50K 
Placebo/EF >50K 
Placebo/EF<50% 



Treatment 


Ejection fraction 


Serelaxin 


EF <50% 


Placebo 


EF£50% 




r-l 



LVEF <50%: HR (95% CI): 1.10 (0.75, 
LVEF >50%: HR (95% CI): 1.08 (0.57, 
P-value for interaction 0.9731 



1.61) 
2,06) 



Time since randomization (days) 



139 
413 
142 
397 



134 
401 
134 
387 



126 
378 
131 
372 



60 



123 
347 



Figure2 Kaplan-Meier curves for cardiovascular death or hospitalization for heart/renal failure through Day 60 according to LVEF. HR, hazard 
ratio. 
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LVEF <50%: HR (95% CI): 0.64 (0.39, 1.07) 
LVEF >50%: HR (95% CI): 0.59 (0.23, 1.50) 
P-value for interaction 0.8740 



Serel»ln/EF £50X 
Serelaxln/EF<50K 
Placebo/EF^SDX 
Placebo/EF <50% 



0 14 30 
Number at risk 

139 138 135 

413 406 400 

142 137 136 

397 392 386 



60 90 120 

Time since randomization (days) 



131 
396 
133 
378 



129 
390 
131 
370 



128 
388 
131 
3S8 



150 



127 
383 
127 
354 



180 



111 
330 
113 
302 




Figure 3 Kaplan-Meier curves for cardiovascular death through Day 180 (A, upper panel) and all-cause death through Day 180 (6, lower panel) 
according to LVEF. HR, hazard ratio. 



Given the lackof evidence-based therapies, the recently published 
findings of the Cardiovascular Research Network show that HFpEF 
patients are significantly less likely to be treated with multiple cardi- 
oactive drugs or multiple heart failure-related drug therapies.'^° Ac- 
cordingly, the present HFpEF population was treated less 
frequently with beta-blockers, mineralocorticosteroid receptor 
antagonists, or device therapies compared with the HFrEF subgroup. 
Upon presentation, the two subgroups had similar clinical signs of 
congestion, but HFpEF patients had higher systolic blood pressure 



and lower NT-proBNP. The presence of lower natriuretic peptide 
levels in acutely decompensated HFpEF in association with similar 
AHF severity compared with HFrEF has also been previously 
reported by a sub-analysis of the Diuretic Optimization Strategies 
Evaluation (DOSE) trial.^'' 

RELAX-AHF was the first trial to provide an intermediate-term 
mortality reduction in AHF and these results were obtained in a 
patient population including a meaningful proportion of patients 
with HFpEF. This is rather unique as several drug classes that 
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Table 3 Treatment effect (serelaxin vs. placebo) on safety endpoints in patients with reduced (<50%) and preserved 
(>50%) left ventricular ejection fraction 



Outcome 








— 97^^ 

- lli) 


P-va.lue for 

II ILCl a^LIUI 1 




Placebo 


Serelaxin 


Placebo 


Serelaxin 




(n = 388) (%) 


(n = 405) (%) 


(n = 141)(%) 


(n = 134)(%) 




Patients with any SAE through Day 14 


12.1 


14.1 


17.7 


17.2 


0.58 


Patients with SAE with an outcome of death 


1.5 


1.5 


4.3 


3.0 


0.71 


through Day 14 












Total % of patients with AE indicative of 


4.9 


4.7 


4.3 


5.2 


0.69 


hypotension through Day 14° 












Total % of patients with AE indicative of renal 


7.5 


4.0 


11.3 


9.0 


0.42 


impairment through Day 14*" 












Total % of patients with AE indicative of hepatic 


2.6 


1.0 


4.3 


0.7 


0.52 


impairment through Day ^4'^ 













SAE, serious adverse events; AE, adverse events. 

^Blood pressure decreased, dizziness, loss of consciousness, hypotension, orthostatic hypotension, presyncope, somnolence, or syncope. 
^Azotemia, blood creatinine increased, oliguria, proteinuria, renal failure, renal failure acute, or renal impairment 

^Blood bilirubin increased, cholestasis, hepatic congestion, hepatic cyst, hepatic steatosis, hyperbilirubinaemia, hypoalbuminaemia, INR increased, or liver disorder. 



represent established therapies of HFrEF failed to provide similar 
benefits in HFpEF. Hence, none of the three earlier randomized 
studies on renin-angiotensin-aldosterone system inhibitors (peri- 
ndopril, candesartan, and irbesartan) in chronic HFpEF patients 
met their primary endpoints and the same applied to the two recently 
released trials testing the mineralocorticosteroid receptor antagon- 
ist spironolactone and the phosphodiesterase-5 inhibitor sildenafil, 
while no drug has been previously studied specifically in AHF with 
preserved LVEF.®"^^ A number of reasons have been postulated 
for these neutral effects. The lack of a universally accepted definition 
of HFpEF and the heterogeneity of HFpEF population^^ and the pres- 
ence of mild haemodynamic, neurohormonal, or other pathogenetic 
changes in many of the patients enrolled in those trials have been pos- 
tulated as potential explanations for the observed lack of clinical 
benefit. In addition, it may be that HFpEF becomes symptomatic 
mainly as AHF with the characteristics of an episodic disease.'^^ 
Thus, AHF might be a more appropriate setting to study the efficacy 
of treatment in these patients. In RELAX-AHF, all HFpEF patients 
were acutely decompensated and were required to have objective 
evidence of congestion and increased levels of natriuretic peptide, 
hence allowing more space for clinical improvement. 

Amain drawbackof drugs used in AHF such as inotropes and diure- 
tics is the induction of organ function deterioration and/or 
damage.'^^''^^ Myocardial, renal, and hepatic injury, as depicted by cor- 
responding biomarkers, has been associated with an adverse 
outcome in AHf}^^'^^ This may be the key to the neutral or negative 
effects of previous trials in AHF. On the other hand, it has been 
hypothesized that the prevention of these detrimental effects may 
improve patients' prognosis and survival.^^''^'' The RELAX-AHF trial 
showed that serelaxin was followed by a reduction of biomarkers 
indicative of myocardial (troponin T), renal (cystatin-C), and hepatic 
(aminotransferases) injury.^^ We showed herein that this effect was 
observed both in patients with HFrEF and in those with HFpEF. This 
favourable action may account at least in part for the observed bene- 
ficial outcome associated with serelaxin. Moreover, serelaxin was 



able to manage congestion effectively, as shown not only by the sig- 
nificant relief of dyspnoea and other symptoms and signs of conges- 
tion and the decreased heart failure worsening rate but also by the 
reduction of natriuretic peptide levels. The response of natriuretic 
peptides to AHF treatment has been associated with adverse prog- 
nosis in AHF.^''^° Additional pathogenetic mechanisms of AHF wor- 
sening that may theoretically be addressed by serelaxin and therefore 
may contribute to the observed benefit from the drug include 
increased LV afterload, inflammation, and oxidative stress.^^ 

The present study bears the expected limitations of a post hoc sub- 
group analysis. Moreover, the main RELAX-AHF study was not pri- 
marily designed and powered to assess mortality.^^'^^ Given these 
limitations, the effects of serelaxin on HFpEF patients should be con- 
firmed by subsequent trials. 

In conclusion, serelaxin was well tolerated and effective in early 
dyspnoea relief and in improving multiple outcomes including 
180-day mortality irrespectively of LVEF. Future studies with larger 
sample sizes will be needed to confirm these findings. 
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